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MODELLING CONSTRUCTION DURATION FOR BUILDING PROJECTS 
IN İSTANBUL 
SUMMARY 
Predicting contract duration of construction projects at the early stages of 
developments is vital. It forms the foundation for budgeting, programming, and 
monitoring of construction activities. A previous study was conducted in order to 
validate Bromilow’s time-cost model for residential building projects in Istanbul. 
Significant correlation were found between project value and project construction 
duration. However, the predictive ability of the resulting model in the former study 
was moderate. This study aims at modelling construction duration accurately for 
building projects in Istanbul. In order to accomplish this goal survival analysis was 
applied to a data set of 146 cases. The survival analysis methodology is an innovative 
approach in the area of construction management and usually focuses on time to 
event data.  
Three factors significantly predicted construction duration. The first one is the 
adjusted project value. Furthermore, the gross ground floor area as an indicator of the 
size of the project had significant predictive ability. Finally, the type of building was 
also related to project duration. However, duration did not differ between projects on 
the European and the Asian side of Istanbul. Therefore, continent was not included as 
a factor in the final model.  
The analysis provides a formula for the estimation of construction duration. Thus, the 
model offers a practically applicable, convenient tool for project participants. Also, it 
can be applied to benchmark the construction performance in different geographies 
or building subgroups.      
Keywords: Duration estimation, survival analysis, building industry of İstanbul 
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İSTANBUL’DAKİ BİNA PROJELERİNİN YAPIM SÜRELERİNİN 
MODELLENMESİ 
ÖZET 
İnşaat projelerinin sözleşme sürelerini, projelerin öncül safhalarında henüz çok az 
proje değişkeni biliniyor iken tahmin etmek oldukça önemli ve bir o kadar da zordur. 
Öncül safhalarda yapılan bu tahmin projenin ilerleyen dönemlerinde bütçe 
oluşturma, planlama ve kontrol aktiviteleri için referans oluşturur. İstanbul’daki 
konut yapım projeleri için Bromilow’un zaman maliyet ilişkisinin geçerliliği daha 
önceki araştırmada irdelenmiştir. Çalışma sonucunda zaman ile maliyet arasında 
yüksek bir korelasyon bulunmasına karşın, önerilen modelin tahmin yeteneğinin orta 
derecede olduğu saptanmıştır. Bu çalışmanın amacı İstanbul’daki bina projelerinin 
yapım sürelerini tahminleyen yeni bir model oluşturmaktır. 146 proje bilgisi “hayatta 
kalma analizi” yöntemi ile incelenmiştir. “Hayatta kalma analizi” yapim yönetimi 
alanı için yenilikçi bir yaklaşımdır ve de  karakteristik olarak bir vakaya olan zaman 
üzerine odaklanır.  
Çalışma sonucunda bina yapım sürelerini tahminleyen üç önemli faktör saptanmıştır. 
Bunlardan ilki ayarlanmış proje değeridir. Bunun yanında, yapım projesinin 
büyüklüğünün bir göstergesi olan toplam kapalı inşaat alanı da yapım süresinin 
modellenmesi için önemli bir tahmin yetisine sahiptir. Son olarak, son kullanım 
amacına bağlı olan bina türünün de proje yapım süresi ile ilişkisi belirlenmiştir. Buna 
karşın, proje yapım süresi üzerinde etkisi olabileceği düşünülen bir diğer değişken 
olan yapımın gerçekleştirildiği kıta ile yapım süresi arasında bir ilişki 
saptananamamıştır. Bu neden ile yapımın gerçekleştirildiği kıta değişkeni oluşturulan 
son modelde tahminleyici bir faktör olarak göz önüne alınmamıştır.   
Yapılan analizler sonucunda bina yapım sürelerini tahminleyen bir model elde 
edilmiştir. Oluşturulan bu model proje katılımcılarına pratikte kullanılabilen 
güvenilir bir araç olarak sunulmaktadır. Bunun yanında, oluşturulan modelin farklı 
coğrafyalarda veya farklı yapı gruplarında uygulanması sonucunda elde edilecek olan 
sonuçlar yapım sektörü için yapım performansının kıyaslanması için 
kullanılabilecektir. 
Anahtar Kelimeler: Yapım süresinin tahminlenmesi, hayatta kalma analizi, İstanbul 
bina yapım endüstrisi 
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1. INTRODUCTION  
1.1 Research Background  
The construction industry consistently suffers from project delays and has a 
relatively poor record regarding completion of projects on schedule [1]. Delay can be 
defined as extra duration that is required for the execution of work which could not 
be completed in the original contract time. Undeniably, the contract time 
performance of construction projects in Turkey is also poor, where in 1975 only 22% 
of public projects were completed in their contract time, while 18% of the projects 
had 4 years of delay [2].  
There are various studies that investigated the sources of construction delays 
(e.g.[3]). However, in many cases the main problem occurs during the process of 
predicting an accurate contract duration, which forms the foundation for budgeting, 
planning, executing, monitoring and even litigation aims [4].  
A previous study [5], which was conducted in order to assess the time-cost 
relationship for residential building projects in Istanbul via Bromilow’s time-cost 
model, found significant correlation between these two determinants. However, the 
predictive ability of the model was moderate [5]. The study by Dursun (2008) forms 
the motivation for the development of a more accurate and more generalize able 
model in this study. 
In Istanbul the volume of the building construction sector increased rapidly since 
2002. Thus, it can be highly valuable to have a method for objective and accurate 
duration estimation as can be achieved by modelling construction duration of 
building projects in Istanbul. This in turn might reduce the rate of adversarial 
contractual relationships between the construction parties and gain several benefits 
for Turkey’s overall economy.  
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1.2 Problem Statement 
Construction duration estimations can be performed due to the client’s commercial 
considerations and/or through a detailed analysis of activities to be executed [4]. A 
detailed analysis of the tasks to be executed is generally impractical because of time 
constraints imposed on contractors at the tendering stage [6]. As a result, contractors 
usually accept the unrealistic time targets of clients’, that are far from objectivity, 
and prepare their bids accordingly [6]. This underestimation can lead to adversarial 
relationships between the construction parties. Unrealistic project schedules might 
cause conflicts and commercial losses. Moreover, the figure might even be one of the 
main reasons for final insolvency of the contractor or the client due to unexpected 
cash flow.  
Accurately predicting a realistic value for the construction duration is crucial for any 
construction project. To perform this exercise at the early stages of building 
construction projects, where few project indicators are known, is a challenging task 
for industry practitioners. Up to now, a common methodology to fill the gap is 
lacking in Turkey’s construction industry.  
1.3 Research Objectives 
The main purpose of this research is to model construction duration of building 
projects in Istanbul and, thus, provide a practically applicable tool for the building 
construction sector to predict construction duration.  
In addition, this might be the first step in enabling the usage of survival analysis in 
the area of construction management.  
To conduct the same analysis for different regions in Turkey in further research 
projects enables benchmarking of the productivity in the building industry. This may 
also enable a benchmark between different construction production processes and 
their productivities on the construction site.  
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1.4 Research Scope  
The population of the study are building projects in Istanbul which were commenced 
after 4th quarter of 2001 and completed before 3rd quarter of 2008. Within the scope 
of this study, the correlation between major determinants, like project value or gross 
floor area of building construction projects, and the construction duration of the 
population will be investigated. Survival Analysis will be carried out in order to 
assess this relationship. The readers should bear in mind that the estimated model is 
only applicable within the range of the selected population [7]. 
1.5 Research Methodology  
Quantitative data are acquired and survival analysis is applied to model the 
construction duration of building projects in Istanbul. In this context, the software 
package R was used for the statistical analysis. The project information necessary to 
perform the analysis was acquired from the Building Information Centre in Istanbul. 
A detailed explanation of the research methodology of the study will be given at the 
fourth chapter.  
1.6 Overview of the Dissertation  
This chapter provided the background, an overview of the organization, and the 
central contents of this study. Chapter 2 summarizes the building environment of the 
study area. Influences of demand and supply conditions of the building construction 
industry in Istanbul are presented in order to show the sustainability of building 
construction volume. Chapter 3 deals with a detailed literature review by introducing 
different studies, which were conducted in different geographies during the last four 
decades. In addition, criticisms, contra views, and alternative models will be 
presented. Chapter 4 aims at describing the research methodology of the study. The 
details of sampling and the statistical analysis will be shown. Furthermore, the 
derivation of the research hypothesis is presented in Chapter 4. Chapter 5 provides 
the results of the analysis. Descriptive statistics, main results, and the interpretation 
of these results will be presented during this chapter. In the discussion chapter (6) 
conclusions are drawn from these results and related to the objectives of the research. 
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Also, consequences for practical purposes are discussed. Another important aspect 
that is dealt with in this chapter is the implications of this project for future research. 
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2. MOTIVATION FOR CHOOSING THE STUDY AREA 
2.1 Introduction  
In this chapter, reasons will be given that account for the motivation for choosing 
Istanbul as the focus of the study. An overview regarding the building construction 
sector of Istanbul and a justification of the necessity of sustainable building 
construction in the city will be presented by showing supply and demand facts in the 
market. It aims at describing the relationship between demand, supply, and 
eventually building construction volume. During this chapter, the readers can find 
information about the demographic properties, main influences of the building 
demand, and finally major drivers for the building supply of İstanbul. 
2.2 Demographical Properties and Macro Economic Indicators  
Istanbul is located between two continents, Asia and Europe, and referred to as 
Turkey’s financial, cultural, educational, industrial and informational centre. The 
population of Istanbul at the years 1950 – 1980 – 2000 was 1 million, 5 million and 
10 million, respectively [8]. The figure points out that during a period of 50 years the 
population of the city grew tenfold [8]. The city has slightly more than 10 million 
inhabitants now, while Turkey has a total population of 70 millions [8]. Between the 
years 1995 and 2005, the urban population of Turkey increased hastily from 33.2 
million to 48.5 millions, with 20% of the urban population living in the biggest city 
of Turkey, Istanbul [9]. 
Istanbul is the centre of economy in Turkey. It produces 27% of national GDP, 38% 
of the total industrial output and more than 50% of services, and generates 40% of 
the tax revenues [10]. 
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2.3 Influences of Supply and Demand for Building Construction  
2.3.1 Urbanization  
Many reasons can be given for the urbanization of the Turkish nation with the most 
important ones being migration, because of high unemployment in rural areas, and 
industrialization of the overall economy, that is affected by globalization waves after 
1980’s. Besides, the transformation of the family structure, due to alterations in the 
traditional culture, and the spreading of individualism throughout the young and the 
mid-age population have influenced the urbanization.  
The swift increase in the population of Istanbul causes an unbalanced development 
of the urban growth progression in the city. While the old city districts lose their 
high-income level inhabitants because of corrosion of their locality and settlement of 
low-income immigrants, the new modern districts have become more trendy [11] 
Since the arrivals of migrants, which has begun in the 1950s, the building of illegal 
housing units at secondary areas (called “gecekondu”, literally meaning “illegal 
squat”) boomed because many migrants cannot afford to be a tenant or owner of a 
property. The squatter settlements occupy a 51,760 ha area, which is equal to 54% of 
Istanbul’s total territory [12] Until the 80s, squatter settlements were usually one 
storey buildings with garden. However, the image of the squat settlements changed 
swiftly after the 80’s. They have become multi-storey buildings without plaster with 
very cheap materials [13]. On the other hand, the local authorities contribute to the 
problem by allowing or sometimes even legalizing squatter settlements for their vote 
advantage during the election times [14]. 
After the mid 80s, Istanbul was inspired by globalization and the open market 
economy, and during this period new concept projects, such as shopping malls, retail 
markets, five-star hotels, were constructed. Besides, the structure of the city 
transformed from mono-centric to polycentric [13]. All these drivers influenced 
variations between socio-economic classes and the divergence in the quality of the 
built environment.  
During the 90s the upper class demanded luxury housing units, while the mid and 
low class stipulated for affordable apartments. In this period, Istanbul’s Greater 
Municipality has developed and started to implement urban transformation plans to 
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replace the squatter settlement territories and old industrial areas by mass housing 
projects. On the other hand, private developers set up real estate development 
projects to meet the demand of the high income class.  
2.3.2 Marmara earthquake  
On the 17th of August 1999, the Marmara earthquake occurred. It had a big impact on 
Turkey’s building sector. The magnitude of the earthquake was measured to be 7.8 in 
Richter Scale and it caused 17.480 deaths [15]. Besides this huge number of life 
losses, 73.342 buildings were damaged partly or fully because of the earthquake [15].  
The industry was questioned after these great economical and life losses, which 
coerce authorities and suppliers to demand more reliable, well engineered, and 
quality building projects from the industry.  
2.3.3 Macro economical development  
After the immense economical crisis during 2001 and the general elections during 
2002, the new Turkish government has succeeded to provide a stable macro 
economical environment and steady economical growth due to an economic 
development program that is implemented in accordance with IMF. The average 
growth of the Turkish economy between the years of 2002-2006 was 7.5% [8]. The 
growth rate has slowed down to 5% for the last five quarters because of global 
economic ambiguities and a temporary unstable political environment due to the 
general elections in 2007 [8]. Overnight, interest rates declined from 93% to a level 
of 15% between 2002 and 2006 [8]. However, in the last 5 periods yet again an 
increasing trend was observed. As can be seen in figure 2.1, during this period the 
consumer price index of inflation decreased from 68% to 4% [16]. 
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Figure 2.1: Annual consumer price index of inflation (%) (*Expected value.) [8] 
2.3.4 Foreign direct real estate investments  
The improvements in the macro economical status of Turkey provide a good 
investment climate, which enables investors to develop long-term plans. Foreign 
direct investments reached about $20 billion in 2006, accounting for over one third 
of the capital inflows [17]. The figure is likely to be similar in 2007 [17]. Apart from 
privatizations and mergers, non-residents buying real estate in Turkey is another 
significant item within the direct investment inflows. As can be seen in figure 2.2, 
the net real estate buying of foreigners reached $2.829 billion by 2006 (year on year) 
[17]. 
 
 
 
 
 
 
 
 
Figure 2.2: Foreign direct investments – Real Estate (net) -Million USD [17] 
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2.3.5 Investment climate 
The Urban Land Institute and PricewaterhouseCoopers annually conduct a research 
report, “Emerging trends in Real Estate Europe”, and rate the European cities 
regarding to their investment opportunities, risks, and supply-demand balance. The 
study (2008) results are based upon analyzing 400 real estate experts’ ratings for the 
real estate markets. As can be seen in table 2.4, Istanbul is ranked as second after 
Moscow for investment forecast at 2008, whereas in 2007 Istanbul was graded as 
number one [18]. On the other hand, for the risk and development ratings Istanbul is 
ranked twenty third and second, respectively [18]. The research (2008) reveals that 
the investment returns for Istanbul are second after Moscow, while on the other hand 
investment risks are not high compared to Moscow.  
Table 2.1:  Results of “emerging trends in real estate Europe” for Istanbul for ’08 
and ’07 [18] 
 
 
 
2.3.6 Mortgage law 
Turkey suffered many years from lacking long-term housing loans. As a final point, 
in February 2007 the mortgage law was endorsed by the Turkish Parliament, which 
makes housing finance easier for individuals. The mortgage law is new. Therefore, 
lately the households have begun to fund their property acquisitions in this way. The 
usage of housing credits increased dramatically. As can be seen in figure 2.3, in 2000 
housing credits were 0.4% of the GDP, whereas in 2007 the credits increased to 3.7% 
of the GDP [16] 
Criteria Forecast  
Grade in 
2008 
Rank 
2008 
Rank 
2007  
Investment Opportunities Good 6,7 2 1 
Risk  Medium 5,3 23 21 
Development  Good 7,2 2 1 
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Figure 2.3: Housing credits (in % of GDP) [16] 
2.4 Building Market in İstanbul  
2.4.1 Housing market  
Under the influence of the determinants presented in section 2.3, the housing market 
has become one of the most important elements for the overall building industry as 
well as for the growth of the overall economy in Turkey.   
According to the state planning organization (Devlet Planlama Teskilati – DPT) the 
housing demand has increased since the 1960s and it reached its top level between 
the years 2001 and 2005, which forms the application period of the 8th development 
plan [19]. As can be seen in the table 2.1, the ratio of housing demand to housing 
occupancy permits in the post 1995 period is 51.1% and housing shortage is 1.24 
million [19].  
According to the population census in 2000, 68% of householders in Turkey are 
owners, whereas 24% are tenants [8]. In Istanbul 58% of the households are privately 
owned, whereas 35% are occupants [8]. The difference in the proportion of 
householders between Istanbul and overall Turkey is a result of high residential 
prices in Istanbul [13]. In Istanbul, the housing sale prices increased by 67% between 
the years 1997 and 2005 [13]. For the sake of comparison, during the same period in 
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[13]. Apartment sale prices in 2008 increased by 25% with respect to prices of units 
delivered in 2006 [13]. On the other hand, average detached house prices went up by 
60% between 2004 and 2005 [13]. Between the years 2003-2005, the increase in 
property sales was 25% [8]. 
Table 2.2: Housing demand and housing shortage in five years development plans 
[19] 
Period of Five Years Development Plans  Housing Demand (A) 
Number of 
housing 
occupancy 
permits (B) 
   % 
(B/A) 
Housing 
Shortage  
(A-B) 
1st Five years development plan 1963-1967 1,112,052 138,212 12.43 973,840 
2nd five years development plan 1968-1972 1,200,000 360,761 30.06 839,239 
3rd five years development plan 1973-1977 1,663,000 499,312 30.02 1,163,688 
4th five years development plan 1979-1983 2,080,065 607,721 29.22 1,472,344 
5th five years development plan 1985-1989 1,219,000 943,830 77.43 275,170 
6th five years development plan 1990-1994 1,300,000 1,170,000 90.00 130,000 
7th five years development plan 1995-2000 2,540,000 1,300,000 51.18 1,240,000 
8th five years development plan 2000-2005 2,714,000 ------- ---- ------- 
The Real Estate Development Companies Association (GYODER), founded in 1998, 
comprises representatives of real estate developers, consultants, law firms, and real 
estate agencies mainly from the region of Istanbul in its body. GYODER recently 
published “Forecasts for real-estate sector and Istanbul – 2015”, in which Dr. 
Gurlesel, the chairman of strategic research institute of GYODER, indicated some 
significant facts and predicted the housing supply and demand for the imminent 
years. According to the study (2006), the current figure at the end of 2005 points out 
that there are 3.43 million housing unit, with 50% of them being unlicensed 
including a lack of standard or quality. For the year of 2015, Istanbul’s population is 
estimated to reach 14.48 million inhabitants and the number of householders is 
expected to be 4.08 million [20]. As presented in table 2.2, the industry will face 
2,133,045 new residential unit requirements by the end of 2015. In addition, table 2.3 
shows that the demand is predicted to be about 2.5 million residential units. In order 
to meet the demand, 390 km2 of new territory will be occupied [20]. 72% of the 
residential demand is predicted to be met by developments of the private sector, 
while 28% of the demand will be produced by public authorities [20]. According to 
the predictions of GYODER (2006), to meet the housing demand entirely, the private 
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sector needs to develop an average of 180,000 new housing units annually during the 
period of 2005 – 2015. 
Table 2.3: Determinants for and estimates of residential requirement by the year 
2015 [20] 
Determinant of Residential Requirement in Istanbul Amount  
Increase in number of householders  1,178,988 
Renewal  171,500 
Earthquake and Risk  182,552 
Urban Transformation 600,000 
TOTAL 2,133,040 
Table 2.4: Standard of residential demand by the year 2015 [20] 
Standard of Residential Demand Percentage  Amount  
A class luxury residents or detached houses  4 100,000 
B class standard and quality apartments or flats   68 1,700,000 
C class social units  28 700,000 
TOTAL 100 2,500,000 
2.4.2 Office market  
As can be seen in the figure 2.4, approximately 25% of the overall labour in Turkey 
is employed by agriculture and related industries. However, for Istanbul this is not 
the case [8]. The ratio of employment related to agriculture is tiny with respect to the 
portion of services and industry employment. Therefore, it can be neglected (see 
figure 2.4). The other way round, Istanbul employs approximately 20% of Turkey's 
services sector labour [8]. Moreover, Istanbul attracts 55% of foreign direct 
investments [17]. 
The current sectoral distribution, which is shown above, justifies the office demand 
in Istanbul. In addition, favourable economic conditions and increasing interests of 
foreign investors form the foundation for the strong demand [10]. According to 
studies conducted by the DTZ Research Company (2008), 15 m2 of working space is 
required for labour efficiency in Istanbul. New investments of big enterprises and 
growth of existing companies are presenting a promising development trend in the 
office market. 
The office rents have increased by 40% in 2007 with respect to the prior year [10]. 
During that time, the rents reached a level of 35 USD/m2 on the European side and 
21 USD/m2 on the Asian side [10].  
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Figure 2.4: Employment structure by sectors [8]. 
The developers struggled to establish new office projects due to the scarcity of 
available lands in the main office areas in Istanbul. Still, the growth in the office 
supply was measured to be 4% in 2007 [10]. The highest quality – A class – office 
supply is estimated to be 1,4 million m2 in the main office districts, of which 81% is 
located on the European side [10]. Between the years 1996 and 2007, the A class 
office stock at the main office areas grew approximately threefold [10]. In addition to 
the office stock in the main office areas, the secondary office areas supply 
approximately 400,000 m2 of office stock for Istanbul. In total, the A class office 
supply in the city is estimated to be around 2 million m2 [10].   
It is foreseen that the transformation from the manufacturing industry to the service 
industry (finance, insurance and real estate - FIRE) will continue, which forms a 
sustainable growth in the office market. If the development trend of the FIRE sector 
remains similar in the next few years, in 2010 16% of the overall labour force will be 
employed in these sectors [10]. It is estimated that just the FIRE sectors will create 
180,000 m2 of office demand in the near future [10].  
On the other hand, the A class office supply is expected to reach 1,7 million m2 in the 
main office areas by the year 2012 [10]. In addition, 180,000 m2 of new office 
developments in the main office areas are in their project phase [10].   
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2.4.3 Industrial market 
A sustainable growth in the Turkish economy positively influences the production 
and trade volume. Therefore, the demand for industrial and logistic centres increased 
remarkably [20]. A similar figure has been monitored in Istanbul. The city has 
become the biggest trade and logistic centre of Turkey (see figure 2.5). Advanced 
transportation properties favour Istanbul in this regard. In accordance with the high 
demand, prices for available land have shown an increasing trend, which motivates 
developers to seek suburban areas for their developments (see figure 2.5). 
Although some new industrial building supplies were provide for the market in 
recent years, in some areas the rents have increased by 10%-15% with respect to the 
prior year [21]. The average asking prices for rental properties vary between 4.5 
USD/m2/month and 6 USD/m2/month depending on their location [21]. The asking 
price of available lands for industrial developments ranges from 150 USD/m2 to 400 
USD/m2 [21]. Location, easy access, infrastructural properties, permissible 
construction site, and the size of land influence the modification of the rental price 
for the territory [21].   
 
Figure 2.5: Industrial areas, organized industrial zones and the means of 
transportation in Istanbul (adopted from Colliers International 
Turkey). 
15 
 
Increasing demand and scarcity of available land for new developments suggest an 
increasing trend in rental prices for the upcoming years [21]. In addition, 
transformation and modernization of old industrial areas and augmentation of 
Turkey’s domestic and international trade volume are expected to have a positive 
impact on the industrial building construction volume [20].  
2.4.4 Hotel market  
Istanbul is also the capital of congress and culture tourism for Turkey with its 
undeniable beauty and its priceless geography. On the other hand, Istanbul is a 
business and trade centre and has a sustainable demand for quality hotel 
accommodation.  
Between the years 2000 and 2007, the number of arrivals has grown threefold and 
has reached 6,453,000 individuals [22]. While the demand increased remarkably, 
during the same period the hotel supply in the city stayed approximately at the same 
level (see the table 2.5).   
Table 2.5: Recent changes in number of available beds [22]   
 
Years 
Tourism Investment Licenced Tourism Operation Licenced  Total 
Number 
of Beds  
Number 
of est. 
Number 
of rooms 
Number 
of beds  
Number 
of est. 
Number of 
rooms 
Number 
of beds  
2001 76 10,422 24,307 265 23,277 48,265 72,572 
2007 
 55 9 139 19 515  293 26 421 53 267 72,782 
The current figure justifies the necessity of hotel supply in the market. In addition, in 
the year 2010 the city may establish some important congresses and events under the 
scheme of cultural capital of Europe. This is expected to influence the tourism 
demand positively. In this context the project “congress valley”, which includes top 
class hotels and congress centres with a capacity of 12,000 attendants, has been 
executed [21].  
Gurlesel (2008) has estimated several figures for the year 2015 [20]. According to 
this study, the tourist arrivals will reach a level of 10 millions, the duration of stay 
will increase to 4 nights per visitation, and the average occupancy rate will become 
73%. An important estimation concerns the average demand of beds in quality units 
needed in this year. It is estimated to become 146,125. Comparing this figure to the 
current availability, results in an additional demand of 31,325 beds. As a 
16 
 
consequences, 60 additional top class and (5 starred) and 276 additional medium 
class (3-4 starred) hotels need to be build in the city if the demand is supposed to be 
met. However, a restriction, which was mentioned before, applies in this case as 
well. It concerns the scarcity of land in the central areas, particularly on the European 
side of Istanbul. This constitutes a major negative impact factor regarding new hotel 
developments [21]. 
2.4.5 Retail market 
Alterations in consuming traditions and increased purchasing power of inhabitants 
have influenced the rapid increase in the number of retail markets. The average 
monthly consumption expenditure per household increased from 860 USD to 1,015 
USD between 2006 and 2007 [8]. In addition, the total household expenditure 
comprises approximately 75% of the GDP [8]. At the end of 2007, the household 
expenditures reached 487 billion USD while the total retail expenditure is estimated 
to be 244 billion USD with a share of 50% in total household expenditures [8] .   
The total retail supply has attained 1.7 million m2 in 65 centres in Istanbul at the end 
of October 2008 [23]. Retail markets in Istanbul account for 40% of the total retail 
supply in Turkey [23]. As can be seen in the figure 2.6, the market is dominated by 
retail centres in the town centre with a portion of 40%, followed by district shopping 
centres, outlet centres and retail parks with a share of 39.4%, 20.4% and 4%, 
respectively [23]. However, the share of outlet centres has increased remarkably 
from 10% to 20% in the previous 9 months (see figure 2.6). In addition, by the end of 
October 2008, 400,000 m2 of additional retail supply were presented to the market 
by various developers [23].  
 
Figure 2.6: Total retail centre supply in İstanbul 
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Currently, 1.4 million m2 of new retail supply are under construction, representing 
45% of the total supply in Turkey. The retail supply in Istanbul is estimated to reach 
3.7 million m2 by the year 2012 [23].  The new developments promise a sustainable 
construction volume for the retail building sector for the forthcoming years.  
2.5 Conclusion  
Migration, urbanization, alterations in the traditional family life, speculative property 
investments, earthquake risks, a swiftly increasing population, a new mortgage law, 
and an increasing purchasing power of the inhabitants are reported to be the main 
influences of the demand in building developments in Istanbul. In the current state, 
the building supply, for all building groups, is not capable of meeting the inhabitants’ 
and private companies’ building demands, which encourages the industry to develop 
new real estate investments. In addition, the current situation also influences the local 
authorities to develop big scale urban transformations. The, as a consequences, 
highly profitable market and speculative development opportunities are two main 
sources of motivation for private developers. The supply and demand conditions 
have an impact on the growth of the building construction volume, which in turn is 
one of the main influence factors for growth of Turkey’s overall economy. Ongoing 
projects, announced new developments, and new urban transformation plans promise 
a sustainable growth for building construction services in the upcoming years.  
In this context, Istanbul’s building sector, whose volume has reached billions of USD 
annually, needs standard ways of assessing core project determinants. The results 
from modelling construction duration for the building industry in Istanbul supports 
the industry in achieving more successful project outcomes and thereby helps 
Turkey’s overall economy in the prevention of waste and adversarial relationships. 
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3. THEORETICAL BACKGROUND  
3.1. Introduction  
Modelling duration estimation has been at the centre of attraction of many 
researchers for decades. Many different models were developed in order to guide the 
industry [4, 24-28]. Yet none of them was able to reach the popularity of Bromilow’s 
time-cost model (BTC), which is far more practically applicable than most of the 
other models. Therefore, the BTC model is chosen as a starting point for the 
explanation of the theoretical background with regard to the modelling of 
construction duration for building projects. Moreover, this chapter aims at presenting 
contra views and criticisms of the BTC model and presents other models that were 
developed as alternatives to the BTC model.  
To achieve these objectives, an extensive literature review was carried out and the 
essence of the relevant studies will be outlined. They were executed in different 
geographies including Australia [4, 6, 24, 27, 29], Hong Kong [25, 30-32], UK [33], 
Malaysia [34], Nigeria [28], Germany [26], USA [7], and Turkey [5] during the last 
four decades. 
3.2. Bromilow’s Time-Cost Model and Related Studies 
The first empirical study with the objective of testing the contract time performance 
was carried by Bromilow in Australia. Bromilow (1969) aimed at modelling 
construction duration empirically. The study resulted in the development of his well-
known time-cost model, which enables the prediction of construction duration 
according to the estimated final cost of a construction project.  
During his studies, Bromilow (1974) surveyed 370 completed Australian building 
projects in order to find the determinants of the execution phase’s duration of 
construction projects. He suggested that there is one single variable that affects 
construction duration: the project size. Therefore, he postulated a model where the 
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construction duration is a function of project size, which he measures as the 
estimated project cost for clients. The central equation is given by  
BT K C= ×
                            (3.1)  
where, T is the duration of the construction phase of a project measured in days 
(starts from the possession of construction site and ends at practical completion). C is 
the estimated final cost of the construction phase of a project in millions of dollars 
which is adjusted to constant material and labour prices. K is a constant describing 
the general level of time performance for an Australian $1 million project. Finally, B 
is a constant describing how the time performance is affected by project size as 
measured by cost. 
According to his analysis, the relationship between the duration and the cost of 
Australian building projects can be expressed as [35]:  
0.3313T C= ×
         (3.2) 
Since then, several studies were carried out in Australia to adjust the BTC model [6, 
29, 36-38]. The BTC model is a widely accepted standard for predicting the contract 
duration of construction projects [29].  
Ireland (1985) intended to validate the BTC model with a limited sampling scope. He 
carried out the study exclusively with high-rise commercial projects in Australia. 
According to the analysis of the information from 25 completed projects, he 
concluded that the best predictor of the average construction duration of high-rise 
commercial buildings is cost.  He formulated his model as follows    
0.47219T C= ×
        (3.3) 
Kaka and Price (1991) intended to estimate the correlation between project duration 
and project cost in the UK by the means of the BTC model. In this context, Kaka et. 
al. (1991) collected 661 building projects and 140 road projects between the years 
1984-1989 in the UK in order to validate the BTC model. According to their results, 
which are given for different categories in table 3.1 and table 3.2, even though the 
estimated and actual values of the projects vary swiftly, the relationship between 
duration and cost stays the same. In addition, they concluded that the type of the 
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project and the type of the client influence the relationship between duration and 
cost. 
Table 3.1: Model parameters and effect measures for tendered and actual road 
contracts in England [33] 
Civil (roads) B K R 
Tendered  0.469 258.1 0.84 
Actual  0.432 245 0.84 
Table 3.2: Model parameters and effect sizes of buildings categorized by client, 
contract and tendering type in England [33] 
Building Category  B K R 
Public Buildings     
Public Fixed Price Contracts 0.318 398.8 0.76 
Public Adjusted Price Contracts  0.205 486.7 0.68 
Public Open Competition Tendering 0.293 407.4 0.74 
Public Selected Competition Tendering 0.342 424.1 0.82 
Public Negotiated Competition Tendering  0.272 367.5 0.77 
Private Buildings     
Private Fixed Price Contract  0.212 274.4 0.49 
Private Adjusted Contract  0.082 491.2 0.61 
 
Another relevant outcome of the research is that building projects of the private 
sector varied remarkably (R=0.49) and the model fitted the data moderately. Kaka 
and Price (1991) refer to the private buildings sector as high volatile and 
unpredictable. On the other hand, they suggest that further classification might 
improve the accuracy of the model and could therefore help solving the problem.     
Yeoung (1994) investigated the relationship between building duration and building 
costs of construction projects both in Malaysia and in Australia. Based on compiling 
data of 67 Australian governmental projects, 20 Australian private sector projects, 
and 51 Malaysian governmental projects, he concluded that the BTC model fits the 
data very well. He formulated his outcomes as follows 
Australian private projects  
0.367161T C= ×
        (3.4) 
Australian governmental projects  
T = 287C0.237                                   (3.5)                                                    
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All Australian projects  
T = 269C0.215           (3.6) 
Malaysian government projects  
T = 518C0.352            (3.7) 
Kumaraswamy and Chan (1995) carried out series of research projects in which they 
aimed at describing the determinants of construction duration and modelling duration 
of public housing projects in Hong Kong, respectively. They delivered a 
questionnaire to 400 companies and received 111 replies. According to their results, 
which are given in table 3.3, they concluded there are many factors affecting 
construction duration, with the major factors being construction cost, gross floor 
area, and number of floors. They executed the BTC model in order to assess the 
relationship between duration and cost. The BTC model fits the data significantly. 
Table 3.3: Estimated and actual values and resulting effect sizes for public and 
private buildings in Hong Kong [30] 
Type of Building  Estimated  Actual  K B R K B R 
Public Building Projects  182.3 0.277 0.81 216.3 0.253 0.79 
Private Building Projects  202.6 0.233 0.69 250.9 0.215 0.65 
 
Chan conducted two different studies to test the BTC model in two different 
geographies. In his first study (1999), he validated the BTC model in Hong Kong’s 
building industry, whereas his second study (2001) takes place in Malaysia. Chan 
(1999) collected information about 110 projects, which were completed between the 
late 1980’s and the early of 1990’s, for his study. As shown in table 3.4, Chan (1999) 
pointed out a significant correlation of time and cost for Hong Kong’s building 
projects as an outcome of his study.  
Table 3.4: Correlation and regression results of the time-cost relationships of 
building projects in Hong Kong [25] 
Type of Project  K B R 
All building projects  152.082 0.29161 0.9218 
Public building projects  166.257 0.28098 0.95432 
Private building projects  119.569 0.33725 0.85327 
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Chan (2001) executed his second study to identify whether the BTC model can be 
extended to public building projects in Malaysia. Chan (2001) collected time and 
cost data from 51 public projects and he formulized the relationship between time 
and cost as follows:  
0.32269T C= ×
       (R=0.638)         (3.8)           
Chan (2001) stated that one of the main reasons that motivated him to execute the 
research in Malaysia is a lack of standardization and objectivity for duration 
estimation at the Malaysian building industry.  
Ng, et. al. (2001) executed their study in Australia in order to assess the predictive 
ability of the BTC model. According to the BTC formula  
                                  (3.9)                                                                 
The natural logarithm is applied to the equation in order to rewrite it in linear form.  
ln( ) ln( ) ln( )T K B C= + ×
       (3.10)          
The authors found it complicated to use millions of dollars instead of normal dollar 
units. Therefore Ng, et. al. (2001) defined c=1,000,000C. The study examined 93 
building projects in Australia and the analysis resulted in the following relationship 
between duration and cost of a project 
ln( ) 0.5844 0.3105 ln( )T c= + ×
      (3.11) 
Where R=0.7668; F=129.84; and p<0.0000 
Ng, et. al. (2001) also made a comparison for the K and B values of previous 
publications to the study carried out. It was concluded that a significant decrease in K 
value took place during 3 decades, whereas the value of B stays at the same levels. 
The figure reveals that the productivity in the Australian building industry increased 
remarkably [6].  In addition, the study reported that the contract time performance of 
‘public’ and ‘private’ sectors do not vary remarkably [6].  
Hoffman, et. al. (2007) carried out a study to estimate the performance time for 
construction projects in the USA for which facility projects financed by the Air Force 
with construction work beyond $750.000 were considered. In total, information on 
856 facility projects that were completed between the years 1988 and 2004, was 
BT K C= ×
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collected and analysed. Applying the BTC model to the sample data resulted in the 
following model equation 
0.20226.8T C= ×
                 (3.12)               
The overall model was found to be significant with F=295 and 0.0001p ≤ . Also the 
model fitted the population moderately with 0.58R = .  
Dursun (2008) executed a study in Turkey in order to validate the BTC model for 
residential building projects in Istanbul. Information from 75 residential building 
projects was contributed the study. These project were commenced after the 4th 
quarter of 2001 and completed before the 4th quarter of 2008. A significant 
relationship between construction duration (time) and estimated construction cost 
was obtained with F=27.91 and p≤0.000 [5]. Applying the BTC model to the sample 
data resulted in the following equation 
0.171428.38T C= ×
        (3.13) 
 
The model fitted the data moderately with R=0.526. 
3.3. Critics on BTC Model and Other Models  
Bromilow’s study about the relationship between time and cost is one of the most 
cited studies for this topic. Moreover, in the scientific context his model is the one 
which is most frequently applied for the prediction of project duration due to its 
practical applicability and frequently encountered high accuracy level. Various 
studies in Australia (eg. [6, 29, 36-39], the United Kingdom [33], Hong Kong [25, 
30], Malaysia [34, 38], the USA [7] and Turkey [5] revealed the occurrence of high 
correlations between project duration and project cost while validating the BTC 
model.   
However, the predictive ability of the BTC model is under investigation for decades. 
One inadequacy of the BTC model is that it fails to assess the impact of determinants 
on construction duration other than construction cost [39]. Walker (1995) attempted 
to calculate the relationship between the time performance of a construction project 
and gross floor area, but it was inappropriate to assess the project scope with gross 
floor area because of external work components. 
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Ireland (1985) aimed at improving the accuracy of the BTC model by adding new 
determinants such as gross floor area and number of stories and applying multiple 
regressions. However, unreasonably high standard errors halted the progression. 
Chan and Kumaraswamy (1999) suggested that not only major factors like project 
cost, gross floor area etc., but also minor factors such as productivity are correlated 
with construction duration. In order to be able to model the duration of public 
housing projects in Hong Kong in their second publication on this topic [32] in their 
first study Kumaraswamy and Chan (1995) harmonized previous research results and 
micro determinants that influences the project duration. The research modelled 
estimated construction duration with the predictors estimated cost, presence of 
precast façades, height of the building, nature of site, and type of scheme. The 
authors suggested for future research to carry out a research with larger sample sizes 
in different categories, investigate for the new determinants, and adopt them to the 
existing model. 
Skitmore and Ng (2003) carried out a study to develop forecast models for actual 
construction time and cost in Australia. The proposed forecast model can be used if 
client sector, contractor selection method, contractual agreements, project type, 
contract period and contract sum are known. Therefore the developed model is only 
applicable for the post contract stage of the development where all variables can be 
identified [4]. All developed estimation models during their research assume that the 
contract sum and contract duration are known while in practice these determinants 
can only be predicted at the estimation phase with the help of available information 
[4]. 
According to the research that was carried out in Australia, Love, Tse and Edwards 
(2005) argued that cost is a poor predictor for the duration of construction projects, 
since the accurate calculation of construction costs at the initial steps of a project is 
impossible due to change orders and rework. Consistent with the analysis of sample 
data, Love, Tse and Edwards (2005) suggested that gross ground floor area (GFA) 
and the number of floor levels can be used to predict duration of building projects 
rather than cost. Their research resulted in a duration prediction formula, which can 
be expressed as:  
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log( ) 3.178 0.274log( ) 0.142log( )T GFA floor= + +
    (3.14) 
Ogunsemi and Jagboro (2006) intended to model the time-cost relationship for the 
Nigerian building industry. First, the study tried to validate the BTC model for the 
industry. For the analysis of the study, information from 87 completed (between the 
years 1991-2000) building projects was collected. They formulated their results as 
follows:  
All projects:   T = 63×C0.262     (3.15) 
Private Projects:   T = 55×C0.312     (3.16) 
Public Projects:   T = 69×C0.255     (3.17) 
Even though some of the assessment measures like the F – ratio and root mean 
square error tend to favour the model, the coefficient of determination (R2) which is 
widely accepted as an indication of how well the model fits the population is very 
low [28]. Therefore, the authors decided to model the time-cost relationship with the 
piecewise linear model with a breakpoint (BPT), whose general form can be 
expressed as:  
( ) ( )* *0 1 2T  a a C C BPT   a C C BPT= + ≤ + ≥
    (3.18) 
The resulting models are:  
For all projects:  
( ) ( )T  118.563 0.401C C 408  or 603.427 0.610C C 408= + ≤ + >
  (3.19) 
For private projects  
( ) ( )T  169.895 0.491C C 557  or 709.66 0.884C C 557= + ≤ + >
  (3.20) 
For public projects  
( ) ( )T  98.010 0.357C C 353  or 567.967 0.283C C 353= + ≤ + >
  (3.21) 
Ogunsemi et. al., (2006) also concluded that the public and private project durations 
vary for Nigeria. This is in disagreement with Yeoung (1994), Chan (1999) and Ng, 
et. al. (2001). 
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Hoffman, et. al. (2007) reported a correlation between project duration and project 
cost when validating the BTC model during research carried out in USA for Air 
Force facilities construction works. However, in order to develop a more accurate 
estimation model additionally multiple linear regression was applied. This resulted in 
a more successful model which can be stated as 
1 2 3 4 5 63.44 0.198 0.059 0.070 0.222 0.193 0.0146y x x x x x x= + − − − − −
 (3.22) 
where y is equal to project construction duration, 1x  is equal to project construction 
cost (ln $), and the remaining ix  values represent dummy variables for additional 
predictors.  
Stoy, et. al. (2007) executed a study in order to model construction duration of 
residential building projects in Germany. To achieve the objective, indicators, that 
make duration estimation possible during the early stages of development, were 
identified by literature scanning. Data from 115 residential building projects were 
collected. Simple regression analysis was applied to analyze the data. Construction 
speed, which is measured as m2 of gross external floor area per month, was selected 
as the dependant variable of the analysis [26]. The study results reveal that project 
size, measured as gross external area in m2, and project standard, measured as 
building construction cost in € per gross external floor area in m2, are found to be the 
major influence factors of construction speed for residential building projects in 
Germany [26]. The analysis yielded the following model 
1 2ln( ) 4.753 0.0002 0.001y x x= + −
      (3.23) 
where y is equal to construction speed, 1x  is equal to absolute size and 2x  is equal to 
project standard. Therefore the study by Stoy, et. al. (2007) supports Bromilow’s 
(1969) research outcomes for Germany, where project size is found to be a 
significant determinant of project duration. However, cost of the project is was found 
to be inappropriate for describing project size in the residential building sector in 
Germany [26]. 
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3.4. Conclusion  
Bromilow’s studies are a widely accepted, common standard for duration modelling 
at the early stages of a building project, where few project indicators are known. 
There is evidence of the validity of his model at various places all over the world. 
Bromilow (1969) assessed different determinants that influence construction duration 
and concluded that project size, estimated by construction cost, is the best predictor. 
On the other hand, it resulted that project cost presents not only a dimension for the 
project size but is also a sign of project complexity and quality [7]. In addition to 
Bromilow (1969), many researchers reported a high correlation between project size 
and project duration (e.g. [27, 30]). However, different determinants, such as external 
gross floor area and number of storeys, were taken as approximate measures of 
project size in some of the studies (e.g. [26, 27]). Furthermore, some studies tried to 
assess different dummy variables like procurement method or building type in 
addition to the major determinants [7, 27].  
It can be criticized that the presented studies on modelling construction duration are 
lacking advanced methodology as merely simple analyses were applied. There was 
no study that used a method other than simple or multiple linear regression. A 
consequence might be the insufficient approximation of the real relations between 
the variables of interest due to restrictions in the chosen statistical approaches. 
Therefore, it is generally desirable to seek and implement innovative methodology. 
The BTC model was consistently found to be the best model for construction 
duration in many studies (e.g. [29]). However, as shown in section 3.2, the BTC 
model had only a moderate predictive ability in the case of Istanbul [5]. This 
represents a main motivation to develop a new model, which enables a more accurate 
duration estimation with better predictive abilities.  
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4. RESEARCH METHODOLOGY AND HYPOTHESES 
4.1 Sample 
Since construction projects are classified into many categories, this research will 
focus exclusively on building construction projects. Only data from the 4th quarter of 
2001 onwards are included, as the macro economical condition of Turkey began to 
be relatively stable in this year.  
The Turkish building construction market is not uniform. From city to city, material 
and labour prices vary dramatically, which influences the total construction costs 
directly. For the accuracy of a model, homogeneity of the data is very important. 
Otherwise the effect of additional variance within the data set might affect the 
estimation. Accordingly, in order to obtain data that allow for a precise estimation, 
this study will be limited to the districts of Istanbul. In conclusion, the population of 
this study is chosen to be building projects in Istanbul after the 4th quarter of 2001.  
It was initially intended to collect the data by implementing surveys or making 
structured interviews with the relevant companies. Since the environment of the 
Turkish building construction market is still very conservative and there is a lack of 
management methodology, the companies were not willing to share the desired 
information for the study. In order to conduct the study, it was decided to use 
secondary data, which were acquired from the Building Information Centre (Yapi 
Endustri Merkezi). Using the secondary data from a professional company provides a 
much higher number of study units than could be reached using primary data, as well 
as a presumed increase in the reliability of the relevant project information. 
Commence date, completion date, project value, name and contract information of 
developer, contractor and designer, building category, gross floor area, project name, 
and information on the district of the development were included in the acquired 
data. In order to develop a model for building projects in Istanbul, project value and 
gross floor area were used as main predictors. In addition, two categorical variable 
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indicating the building category and the continent were included in the proposed 
model.    
4.2 Survival Analysis  
Survival Analysis is a class of models which were designed to deal with variables 
that measure the time up to some event. Actually, survival analysis comprises a 
variety of actual models, which have in common a general methodological approach 
regarding the time variable. Also, most of them are able to deal with censoring. 
Censoring is present if for some units the event has not yet occurred at the end of the 
data collection period. As for all projects of the data set used in the current study the 
finishing dates are known, censoring is not an issue and will also not be dealt with 
further in this theoretical description of survival analysis. One important reason for 
using this special methodology for time to event data, apart from dealing with 
censoring, is that time data is always non-negative and therefore positively skewed. 
This restriction of range violates the assumptions of many analysis techniques. 
Moreover, simple techniques usually don’t give acceptable results. 
Usually, in statistical modelling the distribution function and especially its 
derivative, the density function, are considered. However, in survival analysis, due to 
the specificities of modelling the time to some event, two additional functions, that 
are related to the distribution of a variable, are used, the survivorship function and 
the hazard function. Given a non-negative random time variable T , the density is 
given by 
0
1( ) lim ( )f t P t T t t
t∆→
= ≤ ≤ + ∆
∆
      (4.1) 
And its distribution function is 
( ) ( ) ( )
t
F t f u du P T t
−∞
= = ≤∫
       (4.2)
 
The survivorship function gives the likelihood that the duration of a unit will be 
equal or larger than some particular value. It is derived using the distribution 
function and can be stated as  
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( ) 1 ( ) ( ) ( )
t
S t F t f u du P T t
∞
= − = = ≥∫
      (4.3)
 
The hazard function is the instantaneous failure rate. It describes the expected 
number of events per study unit from one time measurement to the next. It is given 
by  
0
1 ( )( ) lim ( ) ( )t
f t
t P t T t t T t
t S t
λ
∆ →
= ≤ ≤ + ∆ ≥ =
∆
     (4.4) 
The hazard function can take many different shapes, such as increasing, decreasing 
or a “bathtub” shape. This function can be estimated in order to model time. The 
survival regression approach goes even one step further, as it can be used to predict 
time using independent variables with any metric. Two basic types of survival 
regression analysis exist. The proportional hazard approach is semi-parametric. A 
full parametric approach is used by the accelerated failure time (ACT) models. As 
the latter usually lead to a better fit given their assumptions are fulfilled, only ACT 
models are considered here. All of these models take a common modelling approach 
log( )T zµ β σω= + +
        (4.5) 
where µ  is the population mean, β  is a vector containing the regression coefficients, 
z  is the vector of the values of the predictor, σ  the variance, and ω  is the error 
distribution. The ACT models differ regarding this distribution of the error term. 
Some of the more widely used distributions are the exponential distribution, the log-
normal distribution, the log-logistic and the Weibull distribution. The exponential 
distribution is a model which has just one parameter of interest. Due to its simplicity 
it is the most popular, but not necessarily the best choice, as it is less flexible 
compared to other distributions. 
Of these models we will only specify the Weibull model in more detail, as it was the 
one finally chosen for the data set. The Weibull density function is 
1( ) tf t t e κκ λκλ − −=
        (4.6) 
From this the following forms for the survival function and the hazard function result 
( ) tS t e κλ−=
         (4.7) 
1( )t tκλ κλ −=
         (4.8) 
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where λ  is the scale parameter and κ  is the shape parameter. The latter indicates the 
shape of the hazard function. For 1κ =  a constant hazard results. For 0 1k< <  the 
hazard is decreasing and for  1κ >  the hazard is increasing. If independet variables 
are used to predict time they are related to the scale parameter using a function psy 
ˆ ( )zλ = Ψ
 
This function is given as: 
0 1 1( ) exp( )p pz x xβ β βΨ = + + +…
      (4.9) 
4.3 Price Adjustment  
In order to eliminate the effect of inflation of the building prices, all project values 
were adjusted to the 3rd quarter of 2008. This is due to the fact that different time 
points present different economical conditions. The building construction price 
index, which is published quarterly by the Turkish Statistical Institute, was employed 
to perform the adjustment. The index indicates the increase or decrease in building 
construction prices in terms of Turkish Lira. However, the acquired project 
information indicates estimated construction costs in USD. Therefore, the average 
exchange rate of USD was obtained from the Central Bank’s resources and these 
values were applied to convert USD to Turkish Lira for the relevant quarters. 
Afterwards, this amount was multiplied by the increase ratio in index and converted 
back to USD by dividing the value by the average exchange rate of USD for the 3rd 
quarter of 2008. Therefore, the adjustment formula is 
 
. . .
.
. .3 2008rd
Estimated Cost index ratio average rateAdjusted Cost
average rate
× ×
=
  (4.10) 
where index.ratio, which is presented in table 4.1, stands for the ratio of index 
between the 3rd quarter of 2008 and the relevant quarter for the original value. For 
instance, there is a project with a completion date in the 2nd quarter of 2003. For the 
3rd quarter of 2008 the index is 249.8 and for the 2nd quarter of 2003 the index is 
132.9, than the index.ratio becomes 249.8/132.9=1.88 
The value average.rate, as presented in table 4.2, stands for the average exchange 
rate of USD for the relevant period. The value average.rate 3rd 2008 gives the 
average exchange rate at the 3rd quarter of 2008. This value is constant. Price 
adjustments were performed accordingly to the project completion dates. Thereby, 
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the completion quarter of the project was taken into account and that formed the 
basis for the price adjustment process. Also, in 2005 due to the new legislation,  
zeros were deleted from the Turkish Lira and the currency was named New Turkish 
Lira. During the price adjustment calculations all values were transformed to Turkish 
Lira in order to form a common basis for exchange rates.  
Table 4.1: The building construction price index ratio [8] 
Period Increase with respect to prior period Index Index Ratio 
2002 - 1 6.70% 100.0 2.50 
2002 - 2 8.40% 108.4 2.30 
2002 - 3 6.20% 115.1 2.17 
2002 - 4 5.30% 121.2 2.06 
2003 - 1 7.80% 130.7 1.91 
2003 - 2 1.70% 132.9 1.88 
2003 - 3 2.50% 136.2 1.83 
2003 - 4 2.50% 139.6 1.79 
2004 - 1 4.90% 146.5 1.71 
2004 - 2 4.10% 152.5 1.64 
2004 - 3 3.70% 158.1 1.58 
2004 - 4 1.90% 161.1 1.55 
2005 - 1 2.60% 165.3 1.51 
2005 - 2 1.60% 168.0 1.49 
2005 - 3 2.80% 172.7 1.45 
2005 - 4 1.00% 174.4 1.43 
2006 - 1 3.60% 180.7 1.38 
2006 - 2 14.60% 207.0 1.21 
2006 - 3 0.80% 208.7 1.20 
2006 - 4 0.80% 210.4 1.19 
2007 - 1 4.01% 218.8 1.14 
2007 - 2 0.98% 220.9 1.13 
2007 - 3 0.11% 221.2 1.13 
2007 - 4 0.53% 222.4 1.12 
2008 - 1 9.67% 243.9 1.02 
2008 - 2 10.80% 270.2 0.92 
2008 - 3 -7.56% 249.8 1.00 
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Table 4.2: Average exchange rate of USD by quarters [16] 
Period  Average Exchange rates 
2002-1                           1,362,588 
2002-2                           1,411,373 
2002-3                           1,650,668 
2002-4                           1,620,250 
2003-1                           1,654,777 
2003-2                           1,519,518 
2003-3                           1,395,551 
2003-4                           1,445,850 
2004-1                           1,333,971 
2004-2                           1,453,990 
2004-3                           1,478,474 
2004-4                           1,445,844 
2005-1                           1,326,816 
2005-2                           1,364,247 
2005-3                           1,340,983 
2005-4                           1,356,579 
2006-1 1,332,084 
2006-2                           1,456,456 
2006-3                           1,501,739 
2006-4                           1,457,408 
2007-1                           1,411,031 
2007-2                           1,340,145 
2007-3                           1,288,683 
2007-4                           1,190,868 
2008-1                           1,202,358 
2008-2                           1,263,235 
2008-3                         1,530,560 
 
4.4 Research Hypothesis  
In this study, it is intended to evaluate certain variables with regard to their predictive 
ability for project duration of residential building projects in Istanbul. The resulting 
formula for the prediction can serve as a suitable tool for both, clients and 
contractors, to estimate the approximate construction time required for a project.  
The central equation for accelerated failure time models can be re-written as 

 ( )
log( )
exp
T z
T z
µ β
µ β
= +
= +
        (4.11) 
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The validity of this model in the target population forms the central hypothesis for 
this project. Therefore, it is hypothesized that an increase in the variables gross floor 
area and adjusted project value causes an increase in log(T). Furthermore, it is 
hypothesized that there are differences regarding duration between different types of 
projects and between the two continents, Europe and Asia, which can therefore as 
well be used for the prediction. 
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5. RESULTS 
5.1 Exploratory Data Analysis 
Information on 161 projects was acquired from the Building Information Centre in 
order to perform the analysis. All projects commence after the 4th quarter of 2001 
and were completed before the 2nd quarter of 2008. This restriction was applied in 
order to be able to perform the analysis with data which belongs to the same stable 
macro economical condition in Turkey. 
The acquired building project information is categorized into 11 sub-groups 
according to their final function of usage. As can be observed from figure 5.1, 
residential building projects have the biggest portion with a value of 59% (see figure 
5.1). It is followed by retail centres, industrial buildings, hotels, education buildings 
and offices with 13%, 6%, 5%, 5%, 4%, respectively (see figure 5.1). Categorizing 
the projects into 11 sub-groups enables the creation of indicator variables for the 
further analysis.  
 
Figure 5.1: Building sub-groups in terms of their function of usage (N=161) 
5% 5%
13%
6%
59%
2% 1%
2% 2% 1%
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Education 
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Retail Centres
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Transport
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Also, a categorization for the building projects according to their continent of 
execution was performed. In the figure 5.2 it can be observed that neither of these 
categories are underrepresented. The dichotomous variable continent can be used as 
another predictor for duration. Respectively, 58% of the projects in the sample were 
executed on the European side and 42% were executed on the Asian side (see figure 
5.2). Figure 5.3 shows an empirical survival function for project on the European and 
the Asian side, respectively. A survival function depicts the proportion of projects 
that are still ongoing (on the y-axis) at different points in time (on the x-axis). As can 
be seen in figure 5.3, the survival functions of the two continents do not differ 
remarkably. So the influence of the variable continent on duration, and therefore the 
gain of using this variable for the prediction of construction duration, is expected to 
be small, as was hypothesized in section 4.4.  
 
Figure 5.2: Project sub-groups in terms of continent (N=161) 
The projects have an average duration of 700.40 days with a standard deviation of 
328.20 (see table 5.1). As can be seen in figure 5.4 the sampled projects include short 
term, midterm, mid-long term and long projects, whose construction durations are 
less than 365, between 365 and 600, between 600 and 1000, and more than 1000 
days, respectively. The distribution of projects with regard to different categories is 
favourable for the analysis. On the one hand, it mirrors the general distribution in the 
target population well. This is an advantage for the generalizability of the results. On 
the other hand, there are enough projects in each category to provide sufficient 
variation for the analysis and to enable accurate modelling for projects with various 
expected lengths.  
 
58%
42%
Europe
Asia 
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Figure 5.3: Survival function for each continent 
Table 5.1: Descriptive statistics of continuous variables 
Variable  Number of 
observations 
Number of 
observations 
with 
missing 
values 
Mean  Standard Deviation 
Minimum 
Value  
Maximum 
Value Sum 
Project 
Construction 
Duration in days 
161 0 700.4 328.2 153 1,917 112,764 
Gross Floor Area 
in m2 151 10 46,708 89,998 1,500 900,000 7,052,921 
Adjusted Project 
Value in USD 150 11 15,359,833 20,035,377 871,478 143,331,860 2,303,974,881 
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Figure 5.4: Distribution of duration in days. 
In order to obtain a better distribution of the project duration survival analysis uses 
the logarithm of the time variable. If the natural logarithm is taken, the distribution 
approximates a normal distribution very well (see figure 5.5). Only the category for 
projects with an ln duration between 6.3 and 6.5 is slightly overrepresented.  
For eleven projects of the acquired data the information about the project values was 
missing. Evidently, the adjusted project value (APV) of these projects could not be 
calculated. Therefore, these projects had to be excluded from the analysis. The other 
150 projects have an average value of 15,359,833 USD (see table 5.1). In total, 150 
projects with an adjusted sum of 2,303,974,881 USD project value remained in the 
sample.  
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 Figure 5.5: Histogram of ln(duration) 
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Figure 5.6: Histogram of ln(Adjusted Project Value) 
Figure 5.7 presents a pie chart of the categorized adjusted project value. The data 
contains small, many medium, medium-large, and few large scale projects in terms 
of project value. The largest group is formed by the medium scale projects in terms 
of APV. If the logarithm is taken, there is a good approximation of a normal 
distribution for APV. Again one category does not fit well. In this case projects with 
an ln(APV) between 15.25 and 15.75 are underrepresented. 
 
Figure 5.7: Distribution of APV in USD 
Similar to APV, ten GFA values were found to be missing in the acquired data set. 
These projects were also neglected during the analysis. The 151 remaining projects 
have a sum of 7,052,921 m2 with a mean value of 46,708 m2 (see table 5.1). Figure 
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5.8 shows the distribution after the logarithm was taken. There is a small positive 
skew. However, the distribution is still a good approximation for a normal 
distribution.  
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Figure 5.8: Histogram of ln(Gross Floor Area) 
In addition, the sampled data shows a fair distribution regarding project size in terms 
of GFA. As can be seen in the figure 5.9, the majority of the projects has a GFA that 
lies between 10,000 m2 and 50,000 m2. Also, sufficient projects have a GFA greater 
than 50,000 m2 (see figure 5.9). 
 
Figure 5.9: Distribution of GFA in m2 
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Figure 5.10 displays an empirical survival curve for the data set. It shows the 
duration in days against the proportion of projects that are still going on.  It has a 
reversed S-shape. One can see that hardly any projects stop before day 250 and most 
of the projects are completed within 1000 days. As indicated by the steepness of the 
curve, many completions are observed between the days 300 and 750. Afterwards, 
the steepness declines again. From this development it can be deduced that a very 
simple model will not be able to provide a good approximation. 
 
Figure 5.10: Empirical survival curve 
5.2 Accelerated Failure Time Analysis  
Various errors distributions were explored for modelling time. It emerged that the 
two parameter models were superior to the one parameter models for this data set. 
Even though it is difficult to differentiate between various two parameter models, the 
Weibull regression seemed to be the best choice. It led to a good overall fit as well as 
reliable parameter estimates. 
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5.2.1 Model assumptions 
For the Weibull regression to be applicable, apart from general assumptions which 
were considered in the descriptive statistics section (see section 5.1), one special 
property has to be fulfilled. From the model it can be derived that one particular 
equation has to hold.  
( ) ( )log ( ) log( ) log( )t tα λΛ = +
      (5.1) 
where ( )tΛ  is the cumulative hazard. This is useful for diagnostic purposes as it 
implies that  log( )t  and ( )tΛ  are proportional. Therefore, plotting log( )t  against 
( )tΛ  should result in a straight line with slope α  and intercept log( )α λ . Slope and 
intercept are not relevant due to α  which is a constant. However, there should not be 
major departures from straightness. Figure 5.11 shows this plot for the data set. One 
can see that, even though the line is not perfectly straight, no major departures are 
encountered. This assumption can be considered fulfilled. A final check of the 
assumptions for Weibull regression can be accomplished by the means of residual 
analysis (see section 5.2.3). 
 
Figure 5.11: Scatter plot for log( )t
 
against 
 
( )tΛ  
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5.2.2 Model selection 
Four hypothesized predictors for the duration of a project are considered in this 
study. The selection of predictors that should be kept in the model follows a general 
procedure for generalised linear models. Initially the predictors were ordered 
according to their correlation with the outcome variable time when no other predictor 
was present. In the next step, in a hierarchical order the terms are added to the model, 
starting with the predictors with the highest correlation to duration. The deviance is 
then considered in order to evaluate whether the term significantly adds to the model. 
The deviance is the difference of the log likelihood of two models multiplied with -2. 
The log likelihood indicates how well a model fits the data. The deviance can be 
used to conduct a test of significance. The degrees of freedom for this test are equal 
to the difference in parameters between the two models which are compared. Those 
terms, that significantly improve the model fit, are eventually selected to form the 
final model.  
Table 5.2 gives the central results of this procedure. Initially, the null model is 
estimated. It does not include any predictors and serves as a comparison for the other 
models. Next, a model with only the logarithm of GFA is fitted to the data. This term 
is significant ( 21 17.92χ = , 0.00p = ). Then, in addition to lnGFA the logarithm of 
APV is included in the model. With a p -value of 0.06  it very slightly misses 
significance. However, practical relevance of this predictor is nonetheless indicated. 
Therefore, both terms are kept in the final model. In the next step, the categorical 
variable for building category is added. Due to its nature ten indicator variables had 
to be used in order to account for just this one categorical variable. Despite this high 
number (which leads to a high value for the df) the predictor is significant (
2
10 21.90χ = , 0.02p = ). Finally, a model with lnGFA, lnAPV, building category, and 
in addition the continent of project execution is fitted to the data. This model is not 
significantly better than the same model without continent ( 21 2.63χ = , 0.11p = ). 
Therefore, the null hypothesis, stating that the continent of project execution does not 
significantly predict project duration, cannot be rejected and this term is not included 
in the final model. In conclusion, the selected model of this study uses Weibull 
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regression with the predictors’ gross floor area, adjusted project value, and building 
type in order to predict the duration of a project.  
Table 5.2: Model selection 
Added terms Res. df -2*logL df Deviance p 
Nullmodel 148 2148.35 - - - 
lnGFA 147 2130.42 1 17.92 0.00 
…+lnAPV 146 2127.00 1 3.42 0.06 
…+Cat 136 2105.10 10 21.90 0.02 
…+Con 135 2102.48 1 2.63 0.11 
 
5.2.3 Residual analyses 
Before presenting the estimated parameters for the predictors (see section 5.2.4), a 
residual analysis is conducted in order to examine, whether the assumptions of this 
analysis are fulfilled, and in order to remove outliers.  
Figure 5.12 presents the deviance residuals for all units using the final model against 
the project ID. The project ID is ordered according to building category and to 
finishing dates. Therefore, time dependencies of the residuals can be detected from 
this figure. However, no such thing emerges. The distribution of points is very 
regular over the whole range of project IDs. Also the frequency of values decreases 
the further away they are from zero. This indicates a very good distribution of 
residuals. No violations of assumptions are indicated through this figure. However, 
considering the values of the residuals, two observations attract attention. Project 39 
and project 49 both have residuals whose absolute values are larger than 2.50 (-2.50 
and –2.71, respectively). Also, it can be seen from the figure (the observations are 
marked by their IDs) that they are somewhat apart from the regular cloud of points. It 
was decided to remove these two values from the analysis. Thus, the final sample 
size without missing and outliers is 146n = . 
Figure 5.13 shows the deviance residuals again. This time they are presented against 
the predicted value. This plot is commonly used to detect violations of assumptions. 
However, neither an irregular distribution of values nor an increase or decrease in 
variance depending on the predicted value is present. Referring back to the results of 
the residual analysis and the test of the proportionality assumption of the Weibull 
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regression (see section 5.2.1), there is no indication of a violation of assumptions for 
this model. Therefore, the final results are presented in the next section. 
 
Figure 5.12: Residual analysis for project ID 
 
Figure 5.13: Residual analysis for predicted values 
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5.2.4 Final estimation 
Table 5.3: Parameter estimates for the final model  
Parameter  Value  Std.Error z p 
Ln(APV) -0.39 0.10 -3.82 0.00 
Ln(GFA) 0.49 0.10 5.11 0.00 
CEB (education) -0.21 0.14 -1.47 0.14 
CIB (industrial) 0.06 0.14 0.45 0.65 
CRC (Retail Centre) 0.04 0.10 0.39 0.70 
CH (Hotels) 0.29 0.15 1.93 0.05 
CCC (Culture Centres) 0.16 0.22 0.70 0.48 
CP (Parks) -1.32 0.47 -2.84 0.01 
CH (Hospitals) 0.24 0.23 1.03 0.30 
CSB (sport) 0.65 0.23 2.86 0.00 
CTB (transportation) 0.64 0.42 1.52 0.13 
CO (offices) 0.26 0.15 1.72 0.09 
The results from the final model estimation are presented in this section. Relevant 
information, such as start date of the project or estimated construction cost of the 
project, from 13 projects was missing. Therefore, these projects were not included in 
the analysis. Also, 2 projects were identified as outliers (see figure 5.10 and figure 
5.11), with standardized residuals with an absolute value greater than 2.5. In 
conclusion, 146 cases were used in the final analysis.   
The log likelihood of the model is -1023.60. The overall model is significantly better 
than the null model ( 212 42.87χ = , 0.00p = ) as could be expected (see section 5.2). 
Newton-Raphson was used for the estimation. Convergence was reached easily 
within six iterations only. The estimated parameters for the final model together with 
the relevant values for the tests of significance are given in the table 5.2. Adjusted 
project value and gross floor area are significant predictors of the duration of a 
project ( 3.82z = − , 1df = , 0.00p =  and 5.11z = , 1df = , 0.00p = , respectively). 
The corresponding null hypotheses can therefore be rejected. This applies also to the 
building category as a predictor overall, as was shown in section 5.2.2. This table, on 
the other hand, shows the estimations and tests of significance for the individual 
indicator variables that were created from the categorical variables. The results can 
be interpreted as a comparison of each single building type with the category 
residential buildings because residential was taken as the reference category. Hotels, 
parks and sports facilities significantly differ from residential buildings regarding 
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their duration. Using the values from this table and also the estimated intercept, the 
final model equation can be stated as  
 ( )exp 7.96 0.39 ln( ) 0.49 ln( ) kT APV GFA b Cat= − ⋅ + ⋅ + ⋅
   (5.2) 
For the predictor category, one of the following values has to be added depending on 
the type of building ( )0.21,0.06,0.04,0.29,0.16, 1.32,0.24,0.65,0.64,0.26kb = − − . 
The individual parameters are given in the order: education, industrial, retail centre, 
hotel, culture centre, park, hospital, sport, transportation, offices 
With  
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The model equation can be used to predict the duration for a project in Istanbul. The 
values for the gross floor area and the adjusted project value of the project have to be 
inserted. Then, according to the building’s category one of the kb  listed above has to 
be chosen and inserted in the equation. The multiplicative factor Cat  stands for a 
vector with a one and zeros and merely represents the selection of the corresponding 
category parameter. For residential buildings no such parameter has to be added 
because the model was estimated using residential as the reference category. 
As an example the duration of a project is predicated. It is an office building whose 
adjusted project value is 9,000,000 USD (adjusted to the 3rd quarter of 2008) and 
whose gross floor area is 25000 m². Due to the type of the project 0.26offib =  has to 
be chosen. All values are then inserted in the equation.  
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 ( )
 ( )
 ( )

exp 7.96 0.39 ln(9000000) 0.49 ln(25000) 0.26 1
exp 7.96 6.25 4.96 0.26
exp 6.93
1022.49
T
T
T
T
= − ⋅ + ⋅ + ⋅
= − + +
=
=
 
Thus, a predicted duration of 1022.49 days results for this example. 
Another parameter estimation that can be interpreted is the shape parameter. It is 
estimated to be 0.38. As explained in section 4.2 this parameter indicates the shape of 
the hazard. A value smaller than one shows that the hazard is decreasing. Thus, many 
projects are finished at an early to medium point in time. With increasing time the 
number of projects being finished becomes smaller. 
Figure 5.14 shows the survival function that results from the model. It has a reversed 
S-shape and closely resembles the empirical survival curve (see section 4.2). The 
model appears to fit very well. 
 
Figure 5.14: Estimated survival function 
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5.3 Conclusion 
The central purpose of this chapter is the evaluation of the hypotheses. It therefore 
forms the core of this study. The descriptive statistics section gave an overview of 
the sample and its characteristics regarding the relevant variables. It showed that this 
data set contains different scale projects. The distributions of the variables are 
favourable. The number of projects conducted in Europe and the number of projects 
conducted in Asia is roughly equal. With regard to building type, the category 
residential buildings dominate. This mirrors the frequencies of project types that are 
encountered in real life in the city. However, as can be concluded from the 
significant influence of the predictor category, the numbers of projects with other 
types is high enough for the predictor to become significant. Therefore, this study is 
able to draw conclusions not only for residential projects but various types of 
buildings. 
A Weibull regression was chosen as the model for this analysis because it matched 
the needs of the data and seemed to be promising regarding the results. The 
examination of the assumptions, including residuals and the proportionality 
assumption, did not show any violations and therefore the analysis could be 
implemented. By conducting significance tests based on the deviance, the terms that 
significantly help in predicting project duration were selected. Gross floor area was 
very clearly significant. Adding adjusted project value was only borderline 
significant. However, when category was also added to the model, the parameter for 
adjusted project value become highly significant. Obviously, some variation in 
project cost is due to different types of projects. However, as long as the project type 
is not included in the model, this variation goes to the error variation and impairs 
prediction. Therefore, including building category in the model has two very positive 
aspects. It takes unwanted variance out and is itself a valuable predictor for project 
duration.  
After two outliers had been dropped from the data set, the model parameters were 
estimated. From them a formula could be derived that enables the prediction of the 
duration of any project in Istanbul. This might be very valuable for practitioners, as it 
can easily be applied using general information, which is always given in advance of 
the execution of a project. 
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In conclusion, the central aim, deriving a well working model to predict project 
duration, was accomplished. Regarding the hypotheses of this research only one null 
hypothesis could not be rejected. It could not be shown that the continent of project 
execution is significantly related to project duration. While accounting for the effect 
of all other variables, gross floor area, adjusted project value, and building category 
were significantly related to project duration. 
 
 
 
 
53 
 
6. DISCUSSION  
The aim of this study was to develop an accurate and objective model for the 
estimation of duration for building construction projects in Istanbul. The study 
achieved its’ objective and resulted in a practically applicable formula for duration 
estimation in the form of  
 ( )exp 7.96 0.39 ln( ) 0.49 ln( ) kT APV GFA b Cat= − ⋅ + ⋅ + ⋅
   (6.1) 
Considering extensions of this work, it would be a valuable contribution to test more 
determinants which might influence the construction duration. If these determinants 
are found to be significant, they can be combined with the existing model.  
For future research, it is eligible to increase the number of sampled projects and to 
assess the relationship between construction duration and the predictors (GFA, APV, 
Cat) for different cities and/or regions of Turkey by employing survival analysis. 
This could be a convenient tool to benchmark the productivity of different regions of 
Turkey. Moreover, the results can be used to compare the performance of the Turkish 
building industry to other countries’ building industries. This may enable for the 
Turkish building industry to assess their competitive position with respect to the 
building industries of other countries.  
Another suggestion is to employ the formula at particular time intervals and observe 
the productivity trends for the building construction industry for the imminent years.    
Up to now, a common way of estimating construction duration is lacking for the 
building industry in Turkey. This study’s significance is related to the provision of an 
objective and accurate tool to be used for building project in Istanbul. This may form 
a common basis of duration estimation between project participants. Thereby it 
might reduce the number of adversarial relationships and even help in avoiding 
insolvency of involved companies. However, price adjustments (3rd quarter of 2008) 
should be considered while employing the model for a specific project in practice.
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Former studies (e.g. [24, 27, 34]), which dealt with the prediction of construction 
duration, used simple or multiple linear regression analysis as the core methodology 
for their studies. This study aims at modelling construction duration by using 
survival analysis methodology. Although survival analysis is widely used in 
medicine, ecology, economics, and in some engineering applications, up to now an 
implementation of this methodology is lacking in the area of construction 
management. To a large extend the significance of this research is made up of this 
innovative approach for the data analysis. It was tested and justified in this study that 
the survival analysis methodology is a powerful tool for to event data also in the area 
of construction management. It is highly recommended for similar research projects.  
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APPENDIX A. 
SAMPLE PROJECT INFORMATION FORM  
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APPENDIX B. 
R PROGRAM CODES FOR SURVIVAL ANALYSIS  
getwd() 
setwd("C:\\Documents and Settings/Onur Dursun/Desktop/ITU 
Dissertation/Data/EXEL SHEETS") 
library(RODBC) 
conn<-odbcConnectExcel('COMPLEX_ANALYSIS.xls') 
sqlTables(conn) 
tabi<-sqlFetch(conn,'Sheet1') 
tabi 
attach(tabi) 
summary(tabi) 
names(tabi) 
library(survival) 
survdat<-Surv(time=DUR) 
############################### 
#Kaplan-Meier 
km<-survfit(survdat) 
options(survfit.print.mean=TRUE) 
km 
summary(km) 
plot(km,xlab="Days",ylab="Proportion of ongoing projects") 
###Weibull model assumption### 
km1<-survfit(survdat~1) 
t.surv<-summary(km1)$surv 
t.cum.H.<--log(t.surv) 
t.time<-summary(km1)$time 
plot(log(t.time),log(t.cum.H.)) 
#In order to add a line to the plot 
t.fit<-survreg(survdat~1,dist="weibull") 
t.alpha<-1/t.fit$scale 
t.lambda<-exp(-t.fit$coeff) 
t.intercept<-t.alpha*log(t.lambda) 
abline(a=t.intercept,b=t.alpha) 
#Variables 
vars<-survfit(formula=survdat~LGFA+LAPV+CN2) 
print(vars) 
continent<-survfit(formula=survdat~CN2) 
print(continent) 
plot(continent,lty=c(1,2)) 
################################### 
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#Accelerated Failure Model 
mod0<-survreg(survdat~1,dist="weibull") 
summary(mod0) 
mod1<-survreg(survdat~LGFA,dist="weibull") 
summary(mod1) 
predict(mod1, type="quantile",p=c(0.1,0.5,0.9)) 
predict(mod1,type="response") 
predict(mod1,type="lp") #Gives log(time) 
mod2<-survreg(survdat~LAPV+LGFA,dist="weibull") 
summary(mod2) 
mod3<-
survreg(survdat~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+C
SpY+CUY+CYB, 
dist="weibull") 
summary(mod3) 
predict(mod3,type="response") 
mod3.res<-resid(mod3,type="response") 
plot(mod3.res) 
mod3.dev<-resid(mod3,type="deviance") 
plot(mod3.dev) 
outlier<-identify(mod3.dev,labels=) 
print(outlier) 
#Comparison of models 
anova(mod0,mod1,test="Chi") 
anova(mod1,mod2,test="Chi") 
anova(mod2,mod3,test="Chi") 
###Various Distributions 
mod4<-
survreg(survdat~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+C
SpY+CUY+CYB, 
dist="exponential") 
summary(mod4) 
mod5<-
survreg(survdat~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+C
SpY+CUY+CYB, 
dist="extreme") 
summary(mod5) 
mod5.res<-resid(mod5,type="response") 
mod6<-
survreg(survdat~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+C
SpY+CUY+CYB, 
dist="lognormal") 
summary(mod6) 
################################### 
#Proportional Hazard Model 
coxfit1<-
coxph(survdat~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+CSp
Y+CUY+CYB) 
coxfit1a<-survfit(coxfit1) 
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summary(coxfit1) 
summary(coxfit1a) 
plot(coxfit1a) 
coxfit1$loglik[2] #loglikelihood for comparison of different models 
coxfit2<-coxph(survdat~LGFA) 
summary(coxfit2) 
plot(coxfit2) 
#Cumulative hazard for predictors set to mean values 
basehaz(coxfit1) 
#Hazard of a particular subject  
survfit(coxfit1,newdata=data.frame(LAPV=14.59,LGFA=8.80,CEGY=0,CENY=0,C
IAM=0,CKT=0,CKM=0,CP=0,CSaY=0,CSpY=0,CUY=0,CYB=0)) 
#Test for the assumption of proportional hazards 
phtest1<-cox.zph(coxfit1,global=TRUE) 
print(phtest1) 
plot(phtest1) 
phtest2<-cox.zph(coxfit2,global=TRUE) 
print(phtest2) 
plot(phtest2) 
coxfit1.res<-resid(coxfit1,type="martingale") 
plot(coxfit1.res) 
############################################### 
#For comparison: linear regression 
linreg<-
lm(DUR~LAPV+LGFA+CEGY+CENY+CIAM+CKT+CKM+CP+CSaY+CSpY+C
UY+CYB) 
summary(linreg) 
linreg 
linreg.res<-resid(linreg,type="response") 
plot(linreg.res) 
mod3.res<-resid(mod3,type="response") 
plot(mod3.res,col="red") 
mod3.ressum<-sum(mod3.res^2) 
linreg.ressum<-sum(linreg.res^2) 
mod3.ressum 
linreg.ressum 
linreg.res 
mod3.res 
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